of MSI-1436
Elution profile of PTP1B in the absence (black) and presence (blue) of MSI-1436 (upper) . In both cases PTP1B 1-405 eluted as a monomer. The elution volumes were used to calculate the molecular weight of 47k and 43k in the absence and presence of MSI-1436, respectively. The elution of molecular weight standards is indicated by arrows. Fractions eluted from the gel filtration column were analyzed by SDS-PAGE (lower) for PTP1B in the absence (upper panel) and presence ( Reactions were terminated with SDS sample buffer, and the digested products were analyzed by 20% SDS-PAGE and stained by Coomassie blue. ASTEROIDS selections of 100 structures. The Ramachandran space was divided into four regions defined as follows: αL {ϕ > 0°}; αR {ϕ < 0, -120° < ψ < 50°}; βP {-100° < ϕ < 0°, ψ > 50° or ψ < -120°}; βS {-180° < ϕ < -100°, ψ > 50° or ψ < -120°}. The populations of these quadrants are denoted p(αL), p(αR), p(βP) and p(βS), respectively.
f.
Comparison of the distribution of the radius of gyration of the Flexible-Meccano pool (blue) and that of ten selected ASTEROIDS ensembles each comprising 100 conformers (red).
g. Contact maps showing chain proximity in the ensembles selected using ASTEROIDS on the basis of the experimental data. Plots are averaged over ten equivalent ensemble selections.
Left: Logarithmic representation of the average distance between all α C atoms in the protein.
Distances between atoms in the folded domain simply represent the distances in the crystal structure. Right: Logarithmic plot of the ratio between the average distance (equation 1) in the ensembles selected using ASTEROIDS and the pool of conformers. Only the disordered region is shown, highlighting compaction of the chain via contacts between regions 330-360, and a positioning of this same region on average farther from the folded domain than is allowed on the basis of simple steric hindrance.
Average distances between sites were calculated as: first performed, affording 52 hits with 22-100 percent sequence homology in the NCBI PDB (non-redundant). Of these, 5 structures were selected for model building based on the following criteria: BLAST bit score, percent identities, percent positives, percent gaps, and X-Ray structure resolution. As hits with 100% identity corresponded to PTP1B database sequence entries, they were excluded, with the exception of 1EEN_A for which the structure of residues 261-282 was determined (helix 7). The following structures were then employed as templates for homology model building: 1EEN_A (1.9 Å); 2GRX_C (3.3 Å); 2KGL_A (NMR) ; 1RSS_A (1.9 Å); 3FEO_A (2.5 Å).
Once the alignments were performed, the comparative model building involved the following steps; firstly query backbone atoms were superimposed to the aligned template to identify identical side chain atoms. Then, insertions and deletions from the alignment were constructed and removed, respectively. Ab initio methods were used to close gaps using a backbone dihedral library. Finally, when the ligation of template junction was complete, minimization of non-conserved residues and residues for which no correspondence was found was performed.
The "Build Structure" step used the OPLS_2005 force field, and reference residue side-chain and dihedral libraries extracted from the PDB for structure prediction. A total of five models were successively generated. For the final model, the 2GRX (TonB, a cytoplasmic membrane protein) template was excluded in favor of 2KGL (MESD, an endoplasmic reticulum-associated chaperone), affording a more complete structure with the least number of discontinuities.
Docking
The homology model was then ligated to a known PTP1B structure, 1t4j.pdb (Ref-Nat Struct Mol Bio 2004, V 11, pp 730-737) , that was crystallized at 2.7 Å with an inhibitor bound in the allosteric site, locking the open-form conformation of the enzyme. Helices α3, α6 and α7 appear to be involved in stabilization of the closed-form of PTP1B in the presence of substrate; allosteric inhibitors prevent this closure. The R 371 SR 373 -containing helix of the C-terminus was implicated in allosteric inhibition. It may act as a hinge region and was rotated into proximity with helices α6 and α7. The now complete, predicted PTP1B structure was employed for docking studies with the allosteric inhibitor 1436.
Molecular Dynamics Simulation
PTP1B was prepared for minimization and dynamics simulations, as described for docking studies. A preliminary minimization of the PTP1B complex with two molecules of 1436 was were analysed, to determine site-specific conformational sampling. Next, a pool of 10000 statistical coil conformers was generated using the program Flexible-Meccano 45,46 , side chains were added using SCCOMP 47 and CS were calculated for each conformer using SPARTA 48 . Dihedral angles from the selected structures were extracted for each amino acid and used to build representative conformers of PTP1B 1-393 . PTP1B residues 300-393 were connected to the catalytic domain PTP1B crystal structure (PDBid: 1SUG) by Flexible-Meccano using the amino acid specific conformational sampling derived by ASTEROIDS, creating a pool of 15000
conformers. This pool comprised 3 populations, which differ in the behaviour of helix α7: 1) In 5000 conformers α7 was maintained as identified in 1SUG and PTP1B residues 300-393 started C-terminal of α7; 2) in 7000 conformers residues 285-296 were assumed to be disordered and 3) in 3000 conformers, helix α7 was intact but no longer interacted with the surface of PTP1B. The rational for the selection from these different pools was 1) the initial NMR CS analysis suggested only ~40% helical behaviour of α7 and 2) α7 has no corresponding electron density in numerous PTP1B crystal structures.
Side chains were added to all conformers using SCCOMP; CS and SAXS curves were calculated using SPARTA and CRYSOL 52 , respectively. Ten sub-ensembles were selected using ASTEROIDS, comprising 100 conformers in each ensemble based on the experimental SAXS and CS data. Errors on the CS and SAXS data were adjusted to obtain an almost equal contribution from the two datasets in the selection procedure. The appropriate number of conformers in the selected ensembles was determined by obtaining the active χ 2 for independent ensemble selections comprising 25, 50, 75, 100, 125, 150, 175 and 200 conformers. A minimum was observed at 75-100 conformers. The agreement between experimental and back-calculated data was analysed for the best-fitting ensemble. Secondary CS were calculated using the random coil values of RefDB 16 .
MSI-1436-PTP1B interaction in tumor xenografts
In order to examine the specificity of MSI-1436 in vivo, we followed the procedure above to compare its effects on the growth of orthotopic BT474 xenografts after RNAi-mediated suppression of PTP1B then rescue with either wild type or MSI-1436-resistant forms of PTP1B.
We generated PTP1B-suppressed BT474 cells by infecting with retrovirus encoding PTP1B-specific shRNA. The infected cells were selected using puromycin and the knock-down efficiency (80-90%) was tested by immunobloting for PTP1B (FG6). PTP1B was then stably reexpressed in these cells. For this the PTP1B gene was cloned into a pwzl-vector with a different selection marker (hygromycin) so that positive clones could be successfully selected. To make the clone resistant to the shRNA used, we made 6-point mutations in the region of the gene targeted by the shRNA. We replaced the original sequence with degenerate codons so the amino acid sequence would not be altered. The cells were infected with retrovirus encoding WT-PTP1B and L192A/S372P-PTP1B and subsequently positive clones were selected, which were propagated for several weeks to generate sufficient cells to perform the xenograft study.
Each mouse used in the study received 5 X 10 6 cells and the study was conducted with 6 mice in each group.
It is important to note that there are significant technical challenges associated with such experiments. First, suppression of PTP1B by RNAi is not complete, so there remains a residual pool of wild type PTP1B, even in those cells that were "rescued" with MSI-1436-resistant PTP1B. Consequently, this residual pool of wild type PTP1B would remain sensitive to the effects of MSI-1436. Second, although the double point mutation in PTP1B (L192A-S372P)
profoundly suppresses inhibition by MSI-1436, again a small residual level of inhibition remains.
Therefore, when one considers the combination of low levels of residual wild type PTP1B and residual susceptibility of mutant PTP1B to inhibition by MSI-1436, coupled with the prolonged duration of the animal studies, one would anticipate that partial effects would be observed rather than a "black-and-white" response.
